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Polyoxometalates are promising materials for applications in nanoscience and 

nanotechnology. Their syntheses are simple requiring just a selection of an appropriate 

solvent and adjustments in the pH of the solution. Keggin Polyoxometalates are the 

most studied ones with the initial synthesis dating from 1826 by Berzelius [1]. These 

materials present the general formula [XM12O40]
n-

, with X being the heteroatom (usually 

P, Si, Ge or As) and M the metal (commonly W, Mo or Nb) with Td symmetry [2] 

(Figure 1). These structures have a range of applications, spanning metallurgic 

industries to electrophotocatalisys methods [3]. Recently, the synthesis of 

polyoxoniobates was made possible giving many possibilities by their high negative 

charge (-15 or -16). This work aims to compare the electronic spectrum of different 

Keggin Polyoxometalates calculated by TD-DFT to have insights about the electronic 

structure of these compounds and their possible application in photocatalysis.    

 

 

Figure 1: Components of Keggin Heteropolianion. Where M-Oe it’s external metal bonding, M-Oc  it’s the bonding 

coordinate in the cage, M-Ot it’s metal-oxygen bonding from tetrahedral of secondary element. The purple spheres are 

mainly metal Green sphere is the secondary element and the red spheres are oxygen atoms. 

The geometry optimizations for all Keggin structures were carried out using the 

Gaussian 09 program, with PBE xc functional, LanL2DZ pseudopotential and cc-PVDZ 

basis set. To determine the excitation energies in TDDFT we choose 90 states and a xc 
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functional Cam-B3LYP. The group 6 Keggin polyoxometalates have excitation 

wavelength around 5 nm lower than experimentally observed (Table 1).  

 
Table 1: Excitation Wavelength and Oscillator Strength (OS) for all Keggin polyoxometalates and comparison with 

experimental data[4]. 

Structure Excitation / nm OS Experimental / nm 

[AsMo12O40]
3-

 308.78 0.0617 - 

[PMo12O40]
3-

 309.79 0.0657 309.56 

[SiMo12O40]
4-

 309.42 0.0257 303.95 

[GeMo12O40]
4-

 309.50 0.0207 303.03 

[AsW12O40]
3-

 268.95 0.1413 - 

[PW12O40]
3-

 256.73 0.1410 265.25 

[SiW12O40]
4-

 257.11 0.0993 263.85 

[GeW12O40]
4-

 258.26 0.1007 265.95 

[AsNb12O40]
15-

 387.08 0.0549 - 

[GeNb12O40]
16-

 334.91 0.0936 - 

 

The polyoxoniobates present different behavior in their electronic spectra, in which 

Ge[Nb12O40]
16- 

present a characteristic noise. For As[Nb12O40]
15- 

three excitation peaks 

are observed, reinforcing the exotic behavior of this newest class of polyoxometalates. 

The NBO analysis show that the most basic oxygen atom is the one bonded in the core 

of Keggin polyoxometalate. This behavior diverge that was predicted, in which the 

negative charge is expected to be in the external oxygen atoms.  

The electronic spectra of group 6 Keggin polyoxometalates shows a good agreement 

with the experimental data which the peak and spectrum behavior using Cam-B3LYP 

suited well the excitation. For polyoxoniobates are observed a breaking of one bond 

metal oxygen core on their structures, the high negative charge, where is concentrated 

on this oxygen.  

Our results help to provide an insight of the uses of the group 6 Keggin 

polyoxometalates for acid catalysis and polyoxoniobates for basic catalysis. The spectra 

and electronic density described here gives suggest the sites favorable for the catalysis 

and which specie are preferable to be formed. 
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